Abstract. The data collected at the TeVatron RunIIa have been used to look for supersymmetric charged Higgs boson and Left-Right suspersymmetric doubly charged Higgs boson. No signal of such bosons has been found and this note reports on the current analyses and their observed excluded domains in models parameter space.
Introduction
The analyses reported in this note cover searches for charged and doubly charged Higgs bosons. The charged Higgs boson is a needed element of the Higgs sector of any supersymmetric model [1] . The doubly charged Higgs is here looked for in the context of Left-Right supersymmetric theories [2] . The data samples used for the analyses have been collected by either the DØ and CDF detectors during the RunIIa of the TeVatron which collides proton and antiproton with a center-ofmass energy of 1.96 TeV. Depending on the analysis, the integrated luminosity used ranges from 192 pb −1 to 1.1 fb −1 . The acceptances in pseudo-rapidity for both the CDF and DØ detectors are shown in table 1. Those pseudo-rapidities are implicitely used in all the analyses described in this note.
MSSM charged Higgs
The Minimal Supersymmetric Standard Model [1] requires a Higgs mechanism with two Higgs doublet leading to the existence of a charged Higgs boson. At the a Email:grenier@ipnl.in2p3.fr b on behalf of CDF and DØ collaborations Table 1 . Pseudo-rapidity acceptances for various reconstructed objects for the DØ and CDF detectors.
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TeVatron, the direct production of pp → H + H − has a cross-section too low to provide sensitivity for the discovery of charged Higgs bosons [3] . Therefore, The charged Higgs is looked for in the decay of the top quark. Throughout this section, the signal searched for is pp → tt + X with one top decaying into H + b and the other into blν where l is either an electron or a muon.
lepton+tau searches
The CDF collaboration reports a search for the signal of Sect. 2 in the case where the charged Higgs decays exclusively into a tau and a neutrino [4] . In this analysis, the tau is reconstructed only through its hadronic decays. The CDF tau identification uses a likelihood based on variables characterizing a tau [4] . Examples of such variables are isolation criteria in the tracking and the calorimeter or ratios of the transverse momentum of the tracks composing the reconstructed tau candidates. Four different likelihoods are used depending on the hadronic decay of the tau. The four likelihoods cover the following four kinds of tau decay topology : (1) one track and no π 0 , (2) one track and one or more π 0 , (3) three tracks with or without π 0 and (4) two tracks with or without π 0 . The likelihoods aim at separating hadronically decaying taus from jets. A tau candidate is identified as a hadronically decaying tau if the likelihood is above 0.65.
The analysis requires at least one electron or muon with a transverse momentum greater than 20 GeV/c, at least two jets with a transverse momentum greater than 25 GeV/c for the most energetic one and greater than 15 GeV/c for the second most energetic one. At least one jet should be identified as a b-jet using a bjet identification algorithm based on displaced vertices. The missing transverse energy should be greater than 20 GeV. H T , the scalar sum of the transverse energy of all calorimeter objects should be greater than 205 GeV and the event should contain exactly one recontructed tau lepton.
The observed numbers of events in a data sample of 335 pb −1 are 4 for 1.90 ± 0.26 expected from the background in the electron+tau lepton channel and 2 for 1.97 ± 0.27 expected in the muon+tau lepton channel. Observed and expected numbers of events are in agreement. An upper limit on the branching fraction of t → bH + (Br(t → bH + )) at the 95% confidence level is derived assuming a 100 % decay rate of H + →τ ν and a Standard Model cross section of pp → tt + X of 7.0 pb. The limit is shown as a function of the charged Higgs mass on figure 1. The red (resp. blue) line is the limit obtained by (resp. without) taking into account the background estimation uncertainties.
Di-top analyses reinterpretation
If the decay t → H + b is opened, then it will compete with the Standard Model decay t → W + b. H + and W + can decay into similar channel but with different branching ratios. The CDF collaboration reports a reuse of its previous analyses used in the measurement of the tt cross section to look for possible signs of decay of H + [5] . The reused analyses are :
-one muon or electron + one muon or electron, below referred to as the dilepton analysis [6] .
-one muon or electron + jets with exactly one jet identified as a b-jet, below referred to as the lepton+ jets(1 tag) analysis [7] .
-one muon or electron + jets with two or more jets identified as b-jets, below referred to as the lepton+ jets(2 tags) analysis [7] .
-one muon or electron + one hadronically decaying tau, below referred to as the lepton+tau analysis [8] .
The original analyses, done with a data sample corresponding to 192 pb −1 , are slightly modified to ensure that any selected event is selected exclusively by one of the four analyses. In the reinterpretation of the four analyses, the signal described at the beginning of section 2 is looked for assuming that the top quark decays only in W + b and H + b and that the H + can only decay For the reinterpretation, one MSSM parameter is chosen, for example tan β. The number of events expected for each of the four analyses is computed for the Standard Model and for the Standard Model+MSSM as a function of the MSSM parameter. Such expectations are shown on the left of Figure 2 for a charged Higgs mass of 120 GeV/c 2 and a set of MSSM parameters described on figure 3. From these estimation, a likelihood based on Poisson probability to observe N events is derived for each analyses. The four likelihoods, the number of observed events and a prior probability on the MSSM parameter are combined to derived a posterior probability as a function of the MSSM parameter. This posterior probability is then used to exclude some values of the MSSM parameter as illustrated on the right side of figure 2 for tan β.
The observed and expected number of events are displayed in table 2. From there, excluded regions in the charged Higgs mass -tan β plane are derived as shown on figure 3. On this figure, the red area is excluded by the present analysis, the dark line is the Standard Model expected excluded area with its one standard deviation shown as horizontal black lines. For high tan β, the charged Higgs decay mostly in τ ν τ [5] . The same procedure using the parameter Br(t → H + b) instead of tan β leads to an upper limit on Br(t → H + b) as a function of the charged Higgs mass shown on figure 4 which is comparable to the one shown on figure 1. 
Doubly charged Higgs
The supersymmetric version of Left-Right symmetric models predicts the existence of two light doubly charged Higgs [2] . One, H ++ L , couples only to lefthanded fermions and the other, H ++ R , only to righthanded fermions. At the TeVatron, the main production channel is the pair production of H ++ H −− through a γ/Z 0 s-channel exchange. The resulting cross section depends essentially on the H ++ mass and electroweak quantum numbers [9] . For all the results presented in this section, lower limits on the Higss mass are derived from upper limits on the pp → H ++ H −− + X cross section using the cross section computed in [9] as a function of the Higgs mass. 
H
++ → µ + µ +
DØ analysis
The DØ collaboration reports a search for the process pp → H ++ H −− + X → µ + µ + µ − µ − + X using a data sample of 1.1 fb −1 [10] . The analysis requests the events to be selected by a di-muon trigger. Each muon used in the event should be isolated in the tracker and in the calorimeter and have a transverse momentum of at least 15 GeV/c. Muon pairs compatible with being due to the passage of a cosmic muon are rejected. The events should contain at least one pair of like sign muons having a difference in azimuth less than 2.5 radians and an invariant mass greater than 30 GeV/c 2 . The event should contain at least three identified muons. The analysis leads to 3 events observed for an expected background of 3.1±0.5. Assuming a 100% branching ratio of doubly charged Higgs into a muon pair, a 95% confidence level upper limit on the pp → H ++ H −− + X cross section is derived as shown on figure 5 . This translates into lower mass limits of 126. 
CDF analysis
The CDF collaboration reports a similar analysis as the one described in section 3.1.1 but for a data sample of 242 pb −1 [11] . In this analysis, events are selected if they fire a single muon trigger. The event should contain a pair of like sign isolated muons with an invariant mass greater than 80 GeV/c 2 . Pairs compatible with being due to a cosmic muon are rejected. In total, this analysis selects no event for an expectation of 0. Like sign electron+tau lepton and muon+tau lepton is searched for in the CDF data. For the electron+tau lepton (resp. muon+tau lepton) analysis, it is required to have one isolated electron (resp. muon) with a transverse momentum above 20 GeV/c, a hadronic decaying tau lepton or an electron with a transverse momentum above 15 GeV/c and a hadronic decaying tau lepton or an electron (resp. or an electron or a muon) with a transverse momentum above 10 GeV/c. The data samples are then divided according to the presence or absence of a fourth isolated high transverse momentum lepton. Extra selections based on di-lepton masses, missing transverse energy, the scalar sum of missing transverse momentum and transverse momenta of all leptons are performed as described in [12] . No event is observed in data for an expectation of 0.24 ± 0.27 (resp. 0.04 ± 0.05) for the three (resp. four) leptons eletron+tau lepton sample and of 0.27 ± 0.125 (resp. 0.14 ± 0.05) for the three (resp. four) leptons muon+tau lepton sample. Data sample luminosity and observed lower mass limits are shown in table 3. Table 3 summarizes all the current TeVatron lower mass limits for the doubly charged Higgs boson for various decays and also for a search for Higgs as heavy charged particle decaying after the tracker [13] . 
